Indentation based life assessment for boiler tubes of fossil power plants  by Choi, Woosung et al.
Available online at www.sciencedirect.com
,&0
,QGHQWDWLRQEDVHGOLIHDVVHVVPHQWIRUERLOHUWXEHV
RIIRVVLOSRZHUSODQWV
:RRVXQJ&KRLD*HHZRRN6RQJ%XPVKLQ.LPDQG6XQJKR&KDQJ
.(3&25HVHDUFK,QVWLWXWH0XQMLUR<XVHRQJNX'DHMHRQFLW\5HSXEOLFRI.RUHD

$EVWUDFW
%RLOHUWXEHVRIIRVVLOSRZHUSODQWDUHXVHGLQKLJKWHPSHUDWXUHDQGKLJKSUHVVXUHRSHUDWLQJFRQGLWLRQVDUHUHTXLUHG
WRUHVLVWFUHHSGDPDJHIDWLJXHFUDFNLQJDQGFRUURVLRQGDPDJHV(VSHFLDOO\;&U0R9&UVWHHOKDVEHHQ
ZLGHO\ XVHG IRU VXSHUKHDWHU DQG UHKHDWHU WXEHV RI SRZHU SODQWV GXH WR LWV LPSURYHG FUHHS VWUHQJWK DQG KLJKHU
R[LGDWLRQ UHVLVWDQFH/RQJWHUP VHUYLFH DW WKH HOHYDWHG WHPSHUDWXUHFDXVHVGHWHULRUDWLRQRIPHFKDQLFDO SURSHUW\ RI
PDWHULDOVDVDUHVXOWRIFKDQJHVLQPLFURVWUXFWXUH7KXVWKHDFFXUDWHNQRZOHGJHRIGHJUDGDWLRQRUOLIHFRQVXPSWLRQ
OHYHOFRQVLGHULQJVWUHQJWKGHFUHDVHLVQHFHVVDU\WRPDNHDSODQIRUWKHHIIHFWLYHRSHUDWLRQDQGPDLQWHQDQFH
,Q WKLVSDSHUVRPHPDWHULDOSURSHUWLHVVXFKDV\LHOGVWUHQJWK WHQVLOHVWUHQJWKRI;&U0R9VWHHO WXEHVZHUH
H[SHULPHQWDOO\ HYDOXDWHG E\ SRUWDEOH LQGHQWDWLRQ WHVWHU$OVR GDPDJH HYROXWLRQ SDUDPHWHUV RI FRQWLQXXP GDPDJH
PRGHOVDUHPRGLILHGWRGHWHUPLQHUHPDLQLQJOLIHRIERLOHUWXEHV:KLFKPHWKRGRORJ\ZDVGHYHORSHGIRUWKHLQVLWX
H[SHULPHQWIRUSODQWIDFLOLWLHV


.H\ZRUGVLQGHQWDWLRQOLIHERLOHUWXEHSRZHUSODQW
,QWURGXFWLRQ
%RLOHUVXSHUKHDWHUDQGUHKHDWHUWXEHVDUHRSHUDWHGDWKLJKSUHVVXUHDQGKLJKWHPSHUDWXUHFRQGLWLRQ6R
WKH WXEHPDWHULDOV DUH UHTXLUHG HQRXJK VWUHQJWK WR UHVLVW FUHHS FRUURVLRQ DQG R[LGDWLRQ 6HYHUDO VXSHU
FULWLFDO ERLOHUV RI ZKLFK SUHVVXUH LV 03D WHPSHUDWXUH ଇ KDV EHHQ EXLOW RQ ILIWHHQ \HDUV DJR LQ
.RUHD,WLVZHOONQRZQWKDW;&U0R9WXEHVWHHOKDVEHHQLQVHUYLFHIRUWKHVXSHUKHDWHUUHKHDWHU
WXEHVPDLQVWHDPSLSHVERLOHUVWXUELQHFDVHVLQWKHUPDOSRZHUJHQHUDWLRQSODQWVVLQFHWKHHDUO\V

&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVZRRVXQJ#NHSFRFRNU
Procedia Engineering 10 (2011) 1035–1040
3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIICM11
1877-7058 © 2011 Published by Elsevier Ltd. 
Selection and peer-review under responsibility of ICM11
doi:10.1016/j.proeng.2011.04.171
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1036  Woosung Choi et al. / Procedia Engineering 10 (2011) 1035–1040

;&U0R9 VWHHO LV GHYHORSHG EDVHG RQ WKH FRUURVLRQUHVLVWDQW  &U KLJK WHPSHUDWXUH VWHHOV
FRQWDLQLQJXSWR&LQWHPSHUHGFRQGLWLRQ>@,QFDVHRISODQWPDLQWHQDQFHVWUDWHJ\OLIHDVVHVVPHQW
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)RU WKLV PRGHO GDPDJH SDUDPHWHUV LQFOXGLQJ WHQVLOH SURSHUWLHV ZHUH REWDLQHG E\ SRUWDEOH LQGHQWDWLRQ
WHVWHU DQG KDUGQHVV WHVWHUD DQG E DUH FRQVWDQW DQG WKRVH KDYH GLIIHUHQW YDOXHV DFFRUGLQJ WR WKH
PDWHULDOV'HWDLOH[SODQDWLRQVDERXWGDPDJHHYDOXDWLRQDOJRULWKPDUHGHVFULEHGLQUHIHUHQFH>@

([SHULPHQWVSURFHGXUH
7KHVSHFLPHQVXVHGKHUHZHUH;&U0R9',1VWHHOFDOOHG;ZLGHO\XVHGIRUVXSHU
KHDWHUWXEHLQSRZHUSODQWERLOHU7ZRW\SHVRIVSHFLPHQZHUHSUHSDUHGIURPXVHGWXEHDQGXQXVHGWXEH
VDPSOHV7XEHVFROOHFWHGIURPILQDOVXSHUKHDWHULQOHWZHUHFXWLQWRF\OLQGULFDOVSHFLPHQVZLWKGLDPHWHU
RIPP DQG WKLFNQHVV RIPP ,QGHQWDWLRQ WHVW DQG KDUGQHVV WHVWV ZHUH FDUULHG RXWZLWK D SRUWDEOH
LQGHQWDWLRQ V\VWHP DQG KDUGQHVV WHVWHU $W OHDVW  VHWV RI WHVW GDWD DFFRUGLQJ WR WKH DQJOH DUH ZHUH
REWDLQHGIURPLQGHQWDWLRQDQGKDUGQHVVWHVWVIRUHDFKPDWHULDODQGHDFKDYHUDJHYDOXHVZHUHXVHGIRUFDO
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FXODWLQJ GDPDJH FRQVXPSWLRQ UDWH $IWHU PHDVXULQJ HODVWLF PRGXOXV \LHOG VWUHVV WHQVLOH VWUHVV DQG
KDUGQHVVIRUHDFKWXEHGDPDJHFRQVXPSWLRQUDWHFDQEHFDOFXODWHGIURPPRGLILHGGDPDJHSDUDPHWHULQ
HTXDWLRQ  ,IRSHUDWLQJKRXURU WKHQXPEHURIF\FOHVRI WDUJHWSODQW LQVWDOOHGE\ XVHG WXEHV ILQDOO\
UHPDLQLQJOLIHRIWXEHVLVGHWHUPLQHGE\WKHWLPHRUQXPEHURIF\FOHVHOHFWHG

5HVXOWDQGGLVFXVVLRQ
0LFURVWUXFWXUH
,W LV ZHOO NQRZQ WKDW;&U0R9 DOOR\ VWHHO SLSH WKH FDUELGHV LQ WKH H[SRVHG SLSH FRDUVHQHG
KHDYLO\ZLWKHQULFKLQJDOOR\LQJHOHPHQWVRI&UDQG0RIURPWKHPDWUL[GXULQJORQJWHUPVHUYLFHH[SRVXUH
VRWKHFRDUVHQHGFDUELGHVUHGXFHERWKSUHFLSLWDWLRQDQGVROLGVROXWLRQVWUHQJWKHQLQJPHFKDQLVPVDQGWKH
GHJUDGDWLRQRIWKHPDWHULDOLVPDLQO\UHODWHGWRFDUELGHFRDUVHQLQJ>@)LJVKRZVWKHPLFURVWUXFWXUHRI
; WXEHVXVHG IRUKRXU DW୅7KHPLFURVWUXFWXUH IURP2(0DQG6(0LVREVHUYHG WREH
WHPSHUHGPDUWHQVLWHZKLFKDUHFRQVWLWXHQWGLVSHUVLRQVRI)H&LQD IHUULWHVLWHV$QGODWKVKDSHGJUDLQV
DSSHDU LQ DOWHUQDWH OLJKW DQG GDUN OD\HUV+RZHYHU WKHUH LV QR VLJQLILFDQW FKDQJH LQPLFURVWUXFWXUH LQ
FRPSDULVRQ ZLWK XQXVHG VDPH PDWHULDO DQG LW VKRZV WKDW PLFURVWUXFWXUH KDYH QR UHODWLRQ ZLWK WKH
PHFKDQLFDO SURSHUW\ YDULDWLRQ $V D UHVXOW LW LV GLIILFXOW WR NQRZ GHJUHH RI PDWHULDO GHJUDGDWLRQ E\
PLFURVWUXFWXUH DQDO\VLV  7KLV PHDQV WKDW OLIH FRQVXPSWLRQ E\ PDWHULDO GHJUDGDWLRQ FDQ EH HVWLPDWHG
WKURXJKFRQVLGHULQJPDWHULDOSURSHUWLHVLQFOXGLQJWKHKDUGQHVV\LHOGVWUHVVDQGWHQVLOHVWUHQJWKLQVWHDGRI
2(0RU6(0REVHUYDWLRQV

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D 2(0LPDJHE6(0LPDJH
)LJ0LFURVWUXFWXUHRIDJHG;&U0R9
0HFKDQLFDOSURSHUWLHV
7KHHODVWLFPRGXOXVLVREWDLQHGIURPLQGHQWDWLRQORDGGHSWKFXUYHDFFRUGLQJWRWKH2OLYHUDQG3KDUU¶V
DSSURDFKDQGWKH\LHOGVWUHQJWKLVPHDVXUHGIURPWKHLQWHUVHFWLRQSRLQWRIWKHIORZFXUYHDQGDOLQHZLWKD
VORSH RI WKH HODVWLF PRGXOXV  RIIVHW IURP WKH RULJLQ ,Q FDVH RI WKH XOWLPDWH WHQVLOH VWUDLQ LW LV
GHWHUPLQHG E\'LHWHU¶V LQVWDELOLW\ WKHRU\ LQ WHQVLRQ ,I PHDVXUHG PDWHULDOV GR QRW IROORZ SRZHU ODZV
KDUGHQLQJPRGHO WKHUH LV OLPLWDWLRQ WR XVH WKRVH DOJRULWKP 7DEOH  VKRZVPHFKDQLFDO SURSHUWLHV DQG
FRQVWDQWYDOXHVRIYLUJLQDQGXVHGWXEH$YHUDJHGYDOXHVRIREWDLQHGGDWDDUHXVHGWRFDOFXODWHGDPDJH
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SDUDPHWHUV,WLVVHHQWKDWWKHVWUHQJWK(ODVWLFPRGXOXV<6DQG76RIYLUJLQWXEHLVKLJKHUFRPSDUHGWR
RWKHUXVHGWXEH$OVRLWLVREVHUYHGWKDWWKHUHDUHVLJQLILFDQWGLIIHUHQFHVLQWKRVHSURSHUWLHV
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/LIHDVVHVVPHQW
7KHGDPDJHSDUDPHWHU'PRGLVFDOFXODWHGE\XVLQJPHDVXUHGWHQVLOHSURSHUWLHVDQGKDUGQHVVIRUWXEHV
$UHPDLQLQJOLIHLVREWDLQHGIURPGDPDJHSDUDPHWHUDQGRSHUDWLRQKLVWRU\XVLQJHTXDWLRQ
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ZKHUH UW LVDUHPDLQLQJOLIHDQG RSW LVDRSHUDWLQJKRXUXSWRQRZ,IWKHQXPEHURIF\FOHVWRWKHSUHVHQW
LV JLYHQ UHPDLQLQJ OLIH UW LV UHSODFHG E\ UHPDLQLQJ F\FOHV1U$FFRUGLQJ WR WKH UHVXOW RI DVVHVVPHQWEDVHG RQ DYHUDJHG YDOXHV WKH UHPDLQLQJ OLIHWLPH RI WKH  KRXUV WXEHV LV DERXW  KRXU
%HFDXVH GHVLJQ OLIHWLPH RI ERLOHU WXEHV LV DSSUR[LPDWHO\  KRXUV UHPDLQLQJ OLIH FRQVLGHULQJ
RSHUDWLRQ KRXU DUH ZLWKLQ UHDVRQDEOH YDOXH UHODWLYHO\>@ +RZHYHU PHDVXUHPHQW RI WKH VDPH PDWHULDO
SURSHUW\GRHVQRW\LHOGWKHVDPHYDOXHVXFKDV7DEOHDQGFDXVHVWRWKHXQFHUWDLQW\RIWKHUHPDLQLQJOLIH
$GGLWLRQDO SUREDELOLVWLF DQDO\VLV LV FDUULHG RXW LQ RUGHU WR YHULI\ UHDVRQDELOLW\ RI SURFHVV DQG
DVVHVVPHQWUHVXOW7KHFDSDELOLW\DQDO\VLVLQ)LJVKRZVWKDWZLWKWKH/6/ 3RWHQWLDOFDSDELOLW\
&SNLVWKHVLPSOHVWDQGPRVWVWUDLJKWIRUZDUGLQGLFDWRURISURFHVVFDSDELOLW\,WLVGHILQHGDVWKHUDWLRRIWKH
VSHFLILFDWLRQ UDQJH WR WKHSURFHVV UDQJH7KLV UDWLRH[SUHVVHV WKHSURSRUWLRQRI WKH UDQJHRI WKHQRUPDO
FXUYHWKDWIDOOVZLWKLQWKHHQJLQHHULQJVSHFLILFDWLRQOLPLW>@6LQFH&SNLVJUHDWHUWKDQWKHUHDUHQRRU
DOPRVWQRUHVXOWVIDOORXWVLGHVSHFLILFDWLRQOLPLWV$VDUHVXOWLQGHQWDWLRQEDVHGOLIHDVVHVVPHQWPHWKRG
IRU;&U0R9WXEH

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)LJ3URFHVVFDSDELOLW\DQDO\VLVIRUUHPDLQLQJOLIH
&RQFOXVLRQ
,QWKLVVWXG\ LQGHQWDWLRQEDVHGOLIHDVVHVVPHQWDSSURDFKRIERLOHUWXEHVLVSURSRVHG7KHPHFKDQLFDO
SURSHUWLHV IRU PRGLILHG GDPDJH SDUDPHWHU ZHUH GHWHUPLQHG E\ XVLQJ SRUWDEOH LQGHQWDWLRQ WHVWHU DQG
KDUGQHVV WHVWHU (YHQ WKRXJK WKH PLFURVWUXFWXUHV RI ;&U0R9 VWHHO ZHUH REVHUYHG E\ 2SWLFDO
0LFURVFRSHQRWLFHDEOHFKDQJHVDUHQRWVKRZQEHWZHHQYLUJLQDQGXVHGWXEHV$VDQDOWHUQDWLYHPRGLILHG
GDPDJHSDUDPHWHUEDVHGRQKDUGQHVVDQGHODVWLFPRGXOXVEDVHGGDPDJHTXDQWLILFDWLRQZDVLQWURGXFHG
WRGHWHUPLQHUHPDLQLQJ OLIHRI;&U0R9ERLOHU WXEH7KHUHPDLQLQJ OLIHWLPHRI WKHKRXUV
WXEHV LV DERXW  KRXU %HFDXVH GHVLJQ OLIHWLPH RI ERLOHU WXEHV LV DSSUR[LPDWHO\  KRXUV
UHPDLQLQJ OLIH FRQVLGHULQJ RSHUDWLRQ KRXU DUH ZLWKLQ UHDVRQDEOH YDOXH UHODWLYHO\ 7KHPHDVXUHPHQW RI
VWUHQJWKYDULDWLRQ XVLQJSRUWDEOH LQGHQWDWLRQ DQGPRGLILHGGDPDJHSDUDPHWHU VKRZV JRRGSRWHQWLDO IRU
OLIHDVVHVVPHQWRISODQWFRPSRQHQWV)XUWKHUPRUHLQVLWXPRQLWRULQJRIPDWHULDOSURSHUWLHVDQGTXLFNOLIH
DVVHVVPHQWIRURQVLWHIDFLOLWLHVZLOOEHSRVVLEOHXVLQJWKLVPHWKRG
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